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Experimental 

Crystal data 

C2oH2f,N 2 02 

M, = 326.4 
Monoclinic, C2/c 
a = 31.2788 (5) A 
b = 9.7215 (1) A 
c = 12.4508 (2) A 
P = 107.936 (2)° 

Data collection 

Agilent Xcalibur diffractometer 
with an Atlas (Gemini ultra Cu) 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T min = 0.615, r mm = 1 

Refinement 

R[F 2 > 2a(F 2 )] = 0.034 

wR(F 2 ) = 0.100 

S = 1.61 

3210 reflections 

224 parameters 



V = 3602.00 (10) A J 
Z = 8 

Cu Ka radiation 
\l = 0.62 mm -1 
T = 120 K 

0.3 x 0.14 x 0.07 mm 



20724 measured reflections 
3210 independent reflections 
2750 reflections with / > 3o(I) 
R iM = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.15 e A~ 3 

APmi,, = -0-14 e A -3 



In the molecule of the title compound, C20H26N2O2, the 1,3- 
diazinane ring adopts a slightly distorted chair conformation 
and the hydroxybenzyl substituents occupy equatorial posi- 
tions on the N atoms of the heterocyclic ring. There are two 
intramolecular O— H- ■ N hydrogen bonds between the N 
atoms of the 1,3-diazinane ring and the hydroxy groups of the 
aromatic rings, with an 5(6) set-graph motif. However, the two 
observed intramolecular hydrogen-bond distances were 
different. Considering that both N atoms experience the same 
chemical environment, it is surprising to see the difference in 
O- ■ -N distances [2.6771 (14) and 2.8123 (12) A]. The crystal 
structure is further stabilized by a C— H- • jt interaction. 

Related literature 

For a previous determination of a related structure, see: 
Rivera et al. (2012). For a related di-Mannich base, see: Rivera 
et al. (2009). For the synthesis of the precursor, see: Rivera et 
al. (2010). For bond-length data, see: Allen et al. (1987). For 
Cremer-Pople puckering parameters, see: Cremer & Pople 
(1975). For hydrogen-bond graph-set nomenclature, see: 
Bernstein et al. (1995). For the background to hydrogen-bond 
energy in Mannich bases, see: Koll et al. (2006). 



OH OH 




Table 1 

Hydrogen-bond geometry (A, °). 



Cg2 is the centroid of the C6-C11 aromatic ring. 



D-H-A 




D-H 


H- ■ A 


D- ■ A 


D-H-A 


Ol— HI- ■ 


Nl 


0.910 (18) 


1.818 (19) 


2.6771 (14) 


156.3 (16) 


02-H2- ■ 


N2 


0.898 (16) 


2.013 (18) 


2.8123 (12) 


147.6 (17) 


C17-H17 


■ Cg? 


0.96 


2.73 


3.5577 (14) 


144 



Symmetry code: (i) — x + |,_y — |, — z + |. 



Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SIR2002 (Burla etal, 2003); program(s) used to refine 
structure: JANA2006 (Petncek et al., 2006); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: JANA2006. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NK2137). 



References 

Agilent (2010). CrysAlis PRO. Agilent Technologies, Yarnton, Oxfordshire, 
England. 

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor, 

R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. Sl-19. 
Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem. 

Int. Ed. Engl. 34, 1555-1573. 
Brandenburg, K. & Putz, H. (2005). DIAMOND. Crystal Impact, Bonn, 

Germany. 



o698 Rivera et a/. 



doi:10.1 107/S1 60053681 2005284 



Acta Cryst. (2012). E68, o698-o699 



organic compounds 



Burla, M. C, Camalli, M., Carrozzini, B., Cascarano, G. L., Giacovazzo, G, 
Polidori, G. & Spagna, R. (2003). J. Appl. Cryst. 36, 1103. 

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358. 

Koll, A., Karpfen, A. & Wolschann, P. (2006). /. Mol. Struct. 790, 55-64. 

Petncek, V, Dusek, M. & Palatinus, L. (2006). JANA2006. Institute of Physics, 
Prague, Czech Republic. 



Rivera, A., Gonzalez, D. M., Rios-Motta, J., Fejfarova, K. & Dusek, M. (2012). 

Acta Cryst. E68, ol91-ol92. 
Rivera, A., Quiroga, D., Rios-Motta, J., Carda, J. & Peris, G. (2009). /. Chem. 

Crystallogr. 39, 827-830. 
Rivera, A., Rios-Motta, J., Dusek, M. & Jarosova, M. (2010). Acta Cryst. C66, 

o222-o224. 



Acta Cryst. (2012). E68, o698-o699 



Rivera et a/. • C 2 oH 2() N 2 0 2 o699 



supplementary materials 



supplementary materials 

Acta Cryst. (2012). E68, o698-o699 [doi:10.1107/S1600536812005284] 

6,6 f -Dimethyl-2,2 f -[1,3-diazinane-1 r 3-diylbis(methylene)]diphenol 

Augusto Rivera, Derly Marcela Gonzalez, Jaime Rios-Motta, Karla Fejfarova and Michal Dusek 

Comment 

Z);-Mannich bases offer convenient models for studying the nature of hydrogen bonding and other weak noncovalent 
interactions, which play a key role in biological systems. If the OH groups are in appropriate positions relative to the 
nitrogen lone pairs, both intramolecular and intermolecular hydrogen bonds may be possible. As a rule, non-bonded 
forms are not observed in systems with phenolic acids that are able to form intramolecular hydrogen bonds, both in 
solution and in the gas phase (Koll et al. 2006). 

The molecular structure and atom-numbering scheme are shown in Fig. 1. The C7 — 01 and C15 — 02 bond lengths 
[1.3704 (15) and 1.3701 (16) A, respectively] were comparable with other previously reported C — O bond lengths for di- 
Mannich bases [C— O = 1.365 (2) A] (Rivera et al, 2009) and [C— O = 1.3762 (11) A] (Rivera et al, 2012). The C— C 
bond distances and angles of both aromatic rings were found to be normal (Allen et al, 1987). The CH2 — N bond lengths, 
[1.4619 (16) A and 1.4591 (13) A] are comparable to the related structure [CH 2 — N = 1.478 (2) A] (Rivera, et al 2012) 
but were shorter than the observed lengths in related structure where the heterocyclic ring is the five members: [CH 2 — N 
= 1.485 (2) A] (Rivera et al, 2009). In the title compound (I), the 1,3-diazinane ring adopts a slightly distorted chair 
conformation (Cremer & Pople, 1975) with puckering parameters Q, 9, and <p of 0.5815 (13) A, 2.32 (13)°, and 91 (3)°, 
respectively. The molecular structure showed two intramolecular O — H---N hydrogen bonding interactions between the 
two N atoms and the hydroxyl groups with S(6) set graph motif. However, the two observed intramolecular hydrogen 
bond distances were different (Table 1). Considering that both nitrogen atoms experiencing the same chemical 
environment, it is then surprising to see the difference in O— N bond distances ([01---N1 = 2.6771 (14) A] and [02---N2 = 
2.8123 (12) A]). 

The hydroxybenzyl substituents occupy equatorial positions. However, the dihedral angles between the mean planes of 
the benzene rings and the mean plane of the heterocyclic ring were 77.80 (15)° and 80.03 (10)°. This observation 
indicates there was different spatial positioning, which is more evident with the dihedral angle between both phenyl rings. 
The angle between the two aromatic rings is 58.431 (38)°. 

Experimental 

A solution of 1,3,7,9,13, 15, 19,21-octaazapentacyclo[19.3.1. 13 ' 7 .l 913 .l 1519 ] octacosane prepared according to a previous 
report (Rivera et al, 2010) (200 mg, 0.54 mmol) in 96% ethanol (5 ml) was added slowly to a stirred solution of 2- 
methylphenol (240 mg, 2.2 mmol) in 96% ethanol (5 ml) that was heated under reflux. Upon completion of the addition, 
the reaction mixture was stirred under reflux for 20 h. Next, the reflux was stopped, the solvent was removed on a rotary 
evaporator under vacuum, and the residue obtained was chromatographed on silica gel eluting with benzene/AcOEt 
(gradient elution with 5% to 20% AcOEt) to produce a solid which was recrystallized in 96% ethanol to provide high 
quality crystals of the title compound (I), (Yield 24.4%, m.p. 389-392 K) 
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Refinement 



All hydrogen atoms were discernible in difference Fourier maps and could be refined to reasonable geometry. According 
to common practice H atoms bonded C atoms were kept in ideal positions with C-H distance 0.96 A during the 
refinement. The methyl H atoms were allowed to rotate freely about the adjacent C — C bonds. The hydroxyl H atoms 
were found in difference Fourier maps and their coordinates were refined freely. All H atoms were refined with thermal 
displacement coefficients £/i S0 (H) set to 1.5Ueq(C, O) for methyl and hydroxyl groups and to to 1.2Ueq(C) for the CH- 
and CH 2 - groups. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: CiysAlis PRO (Agilent, 2010); data reduction: CiysAlis 
PRO (Agilent, 2010); program(s) used to solve structure: SIR2002 (Burla et al, 2003); program(s) used to refine 
structure: JANA2006 (Petficek et al, 2006); molecular graphics: DIAMOND (Brandenburg & Putz, 2005); software used 
to prepare material for publication: JANA2006 (Petficek et al, 2006). 



Figure 1 

A view of (I) with the numbering scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms 
are shown as small spheres of arbitrary radii. Dashed lines indicate intramolecular hydrogen bonds. 

6,6'-Dimethyl-2,2'-[1,3-diazinane-1,3-diylbis(methylene)]diphenol 

Crystal data 




C20H26N2O2 
M r = 326.4 
Monoclinic, C2/c 
Hall symbol: -C 2yc 



F(000) = 1408 

D x = 1.204 Mgnr 3 

Cu Ka radiation, X = 1.5418 A 

Cell parameters from 10886 reflections 



a = 31.2788 (5) A 
6 = 9.7215 (1) A 
c= 12.4508(2) A 
P= 107.936 (2)° 



(9 = 3.0-67.0° 
fi = 0.62 mm" 
T= 120 K 



Prism, colourless 
0.3 x 0.14 x 0.07 mm 



V= 3602.00 (10) A 3 

Z=8 
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Data collection 

Agilent Xcalibur 
diffractometer with an Atlas (Gemini ultra Cu) 
detector 

Radiation source: Enhance Ultra (Cu) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.3784 pixels mm 1 
Rotation method data acquisition using co scans 
Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2010) 

Refinement 

Refinement on F 2 
RIF 2 > laiF 1 )] = 0.034 
wR{F 2 ) = 0.100 
S = 1.61 

3210 reflections 
224 parameters 
0 restraints 
98 constraints 



T min = 0.615, Tmax^ 1 

20724 measured reflections 
3210 independent reflections 
2750 reflections with/> 3a(T) 

flint = 0.031 

#max = 67.1°, 6 m in = 3.0° 

h = -36-»37 

&=-n->-ii 

/ = -14— »-13 



H atoms treated by a mixture of independent 

and constrained refinement 
Weighting scheme based on measured s.u.'s w = 

l/(o 2 (7) + 0.00 167 2 ) 
(A/(7) max = 0.003 
A/w = 0.15 e A" 3 
Ay9 min = -0.14 e A -3 

Extinction correction: B-C type 1 Lorentzian 

isotropic (Becker & Coppens, 1974) 
Extinction coefficient: 900 (300) 

Special details 

Experimental. CrysAlis PRO (Agilent Technologies, 2010) Empirical absorption correction using spherical harmonics, 
implemented in SCALE3 ABSPACK scaling algorithm. 

Refinement. The refinement was carried out against all reflections. The conventional fl-factor is always based on F. The 
goodness of fit as well as the weighted fl-factor are based on F and F 2 for refinement carried out on F and F 2 , 
respectively. The threshold expression is used only for calculating fl-factors etc. and it is not relevant to the choice of 
reflections for refinement. 

The program used for refinement, Jana2006, uses the weighting scheme based on the experimental expectations, see 
_refme_ls_weighting_details, that does not force S to be one. Therefore the values of S are usually larger than the ones 
from the SHELX program. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TI- *ITI 


01 


0.06464 (3) 


0.07051 (9) 


0.66310 (8) 


0.0302 (3) 


02 


0.22184 (3) 


-0.05521 (9) 


0.85547 (8) 


0.0307 (3) 


Nl 


0.09336 (3) 


-0.12594 (9) 


0.55120 (8) 


0.0253 (3) 


N2 


0.17352 (3) 


-0.14744 (9) 


0.63781 (8) 


0.0243 (3) 


CI 


0.13773 (4) 


-0.09468 (12) 


0.54144(10) 


0.0246 (4) 


C2 


0.08708 (4) 


-0.27558 (12) 


0.55476 (12) 


0.0312(4) 


C3 


0.12437(4) 


-0.33754 (12) 


0.65145 (12) 


0.0325 (4) 


C4 


0.17000 (4) 


-0.29827 (12) 


0.64228 (11) 


0.0287 (4) 


C5 


0.05832 (4) 


-0.06437 (12) 


0.45500(11) 


0.0277 (4) 


C6 


0.05613 (4) 


0.08973 (12) 


0.46498 (10) 


0.0251 (4) 


C7 


0.05753 (4) 


0.14970(12) 


0.56815 (10) 


0.0247 (4) 


C8 


0.05113 (4) 


0.29077 (12) 


0.57775 (11) 


0.0285 (4) 


C9 


0.04476 (4) 


0.37139(13) 


0.48171 (12) 


0.0329 (4) 


C10 


0.04482 (4) 


0.31518(13) 


0.37985 (12) 


0.0347 (4) 


Cll 


0.05025 (4) 


0.17415(13) 


0.37139 (11) 


0.0307 (4) 
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Atomic displacement parameters (A 2 ) 






U 22 U 33 


U u 


U 13 


U 23 


01 


0.0322 (5) 


0.0307 (5) 0.0310(5) 


-0.0004 (3) 


0.0144 (4) 


0.0017 (3) 


02 


0.0253 (4) 


0.0363 (5) 0.0309 (5) 


0.0075 (3) 


0.0093 (4) 


-0.0010 (4) 


Nl 


0.0202 (5) 


0.0235 (5) 0.0300 (6) 


-0.0009 (4) 


0.0046 (4) 


0.0006 (4) 


N2 


0.0197 (5) 


0.0255 (5) 0.0262 (5) 


0.0013 (3) 


0.0051 (4) 


0.0026 (4) 


CI 


0.0215 (6) 


0.0258 (6) 0.0251 (6) 


0.0006 (4) 


0.0051 (5) 


0.0010(4) 


C2 


0.0264 (6) 


0.0243 (6) 0.0404 (7) 


-0.0037 (4) 


0.0068 (5) 


-0.0013 (5) 


C3 


0.0314(7) 


0.0241 (6) 0.0399(8) 


-0.0020 (5) 


0.0080 (5) 


0.0042 (5) 


C4 


0.0288 (6) 


0.0253 (6) 0.0298 (7) 


0.0035 (4) 


0.0057 (5) 


0.0017 (5) 


C5 


0.0206 (6) 


0.0274 (6) 0.0314 (7) 


-0.0003 (4) 


0.0025 (5) 


-0.0023 (5) 


C6 


0.0145 (5) 


0.0290 (6) 0.0287 (6) 


-0.0006 (4) 


0.0022 (4) 


-0.0007 (5) 


C7 


0.0157 (5) 


0.0287 (6) 0.0295 (7) 


-0.0018 (4) 


0.0066 (5) 


0.0017(5) 



Acta Cryst. (2012). E68, o698-o699 



sup-4 



supplementary materials 



Co 


U.U1 /5 (6) 


u.uzy4 (6) 


A AO 0£ /0"\ 
U.U350 ( /) 


A AA n i A \ 

— U.UUl / (4) 


A AAOA /C\ 

u.uusy (_>) 


A AA/1 A / Z\ 

— U.UU4U (d) 


cy 


A AOO/C 

U.Uzzo (6) 


A AO C C { £\ 

U.UZ33 (6) 


A A -1 £0 ZO\ 

U.U46/ (5) 


A AAAO { A\ 

U.UUUj (4) 


A AA/1 O /C\ 
U.UU45 (D) 


A AA 1 O /C\ 

U.UUU p) 


C1U 


A aoa^ fn\ 

u.u/yo (/) 


A AO A 1 ZO\ 

U.U.341 (/) 


A AO A o in\ 
U.U345 (/) 


A AAAC /£\ 
U.UULD (j) 


A AA1 H /C\ 
U.UUl / (->) 


A AAOO" 

U.UUs / (5) 


Cll 


A men //r\ 

U.Uzdz (6) 


U.U355 (/) 


A ao^o fn\ 
U.Uz6o (/) 


A AAAO" /C\ 
U.UUU / (3) 


A AA 1 £ /C\ 

U.UU16 (p) 


A AA 1 1 /c\ 

U.UUlz (p) 


Clz 


A ao ao /o\ 
U.U.39Z (5) 


A AO£ A /7\ 

u.ujoy (/) 


A A/1 AO /A\ 

u.u4yo (yj 


A AAAO" /C\ 
U.UUU / (5) 


A AO 1 A i £\ 

U.UzlU (6) 


A AAAA /£\ 

— u.uuyu (6) 


C13 


{j.UZZj (6) 


A AO 0 O 

U.U33Z (6) 


a ao£c 
U.Uzoz) (6) 


A AA 1 A 
U.UU1U (j) 


A AAOC i Z\ 

U.UU/5 (5) 


A AAOO /C\ 

U.UU3Z (d) 


C14 


A AOA/1 

\JMlW (6) 


U.UZDB (6) 


A AO£T 

U.UZO/ (6) 


A AAAO //1\ 

— U.UUUz (4) 


A AA^O 1 Z\ 

U.UU65 (p) 


A AAO 1 t A\ 
U.UUZl (4) 


CI j 


A All 1 t C\ 

v.vZZl (o) 


A AO 1 O" /C\ 

U.Uzl / (p) 


A AOA 1 /£\ 

u.uzyi (6) 


A AAAO 

U.UUUe (4) 


A AAAO" t Z\ 

u.uuy / (5) 


A AA 1 A i A \ 
U.UUl U (4) 


C16 


0.0251 (6) 


0.0226 (6) 


0.0278 (6) 


-0.0018(4) 


0.0070 (5) 


0.0010(4) 


C17 


0.0222 (6) 


0.0265 (6) 


0.0300 (7) 


0.0002 (4) 


0.0037 (5) 


0.0030 (5) 


C18 


0.0222 (6) 


0.0304 (6) 


0.0350 (7) 


0.0038 (5) 


0.0093 (5) 


0.0003 (5) 


C19 


0.0257 (6) 


0.0306 (6) 


0.0285 (7) 


0.0009 (4) 


0.0101 (5) 


-0.0006 (5) 


C20 


0.0334 (7) 


0.0427 (7) 


0.0278 (7) 


0.0019 (5) 


0.0061 (5) 


-0.0009 (5) 



Geometric parameters (A, ") 



01— C7 


1.3704 (15) 


C8— C9 


1.3918(19) 


01— HI 


0.910(18) 


C8— C12 


1.497 (2) 


02— CI 5 


1.3701 (16) 


C9— C10 


1.382 (2) 


02— H2 


0.898 (16) 


C9— H9 


0.96 


Nl— CI 


1.4619(16) 


C10— Cll 


1.3895 (18) 


Nl — C2 


1.4703 (15) 


C10 — H10 


0.96 


Nl— C5 


1.4784(14) 


Cll— HI 1 


0.96 


N2— CI 


1.4591 (13) 


C12— H12a 


0.96 


N2— C4 


1.4727 (15) 


C12— H12b 


0.96 


N2— C13 


1.4753 (16) 


C12— H12c 


0.96 


CI— Hla 


0.96 


C13— C14 


1.5084 (14) 


CI— Hlb 


0.96 


C13— H13a 


0.96 


C2— C3 


1.5191 (16) 


C13— H13b 


0.96 


C2— H2a 


0.96 


C14— C15 


1.3983 (18) 


C2— H2b 


0.96 


C14— C19 


1.3879 (18) 


C3— C4 


1.515 (2) 


C15— C16 


1.4000(14) 


C3— H3a 


0.96 


C16— C17 


1.3894 (18) 


C3— H3b 


0.96 


CI 6— C20 


1.4976(19) 


C4— H4a 


0.96 


C17— C18 


1.3861 (19) 


C4— H4b 


0.96 


C17— H17 


0.96 


C5— C6 


1.5066(16) 


C18— C19 


1.3861 (15) 


C5— H5a 


0.96 


C18— H18 


0.96 


C5— H5b 


0.96 


C19— H19 


0.96 


C6— C7 


1.3990(18) 


C20— H20a 


0.96 


C6— Cll 


1.3903 (18) 


C20— H20b 


0.96 


C7— C8 


1.3964 (16) 


C20— H20c 


0.96 


C7— 01— HI 


102.6(11) 


C9— C8— C12 


121.73 (11) 


CI 5— 02— H2 


106.3 (13) 


C8— C9— C10 


121.71 (12) 


CI— Nl— C2 


110.32(9) 


C8— C9— H9 


119.1442 


CI— Nl— C5 


109.53 (10) 


C10— C9— H9 


119.1447 


C2— Nl— C5 


110.63 (8) 


C9— C10— Cll 


119.64(13) 


CI— N2— C4 


109.49 (8) 


C9— C10— H10 


120.1785 


CI— N2— C13 


108.15(9) 


Cll— C10— H10 


120.1783 
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C4 — Nz — C13 


111 If /(W 

111.25 (9) 




Co — Cll — C10 




120.44 (13) 


"XT 1 1 \fl 

Nl — CI — N2 


111 a o / 1 a\ 

111.48 (10) 




Z" 1 f~ f ^ 11 T T 1 1 

C6 — Cll — Hll 




119.78 


XT 1 /"" 1 TT 1 

Nl — CI — Hla 


1 aa ah i a 

109.4714 




/"< 1 A n 1 TT11 

C10 — Cll — Hll 




1 1 A TOA A 

119.7804 


XT 1 /"" 1 TT 1 1 

Nl — CI — Hlb 


1 Afl /I TO 1 

109.4721 




C8 — C12 — HI 2a 




1 AA AH 1 1 

109.4711 


XTO /"• 1 TT1 „ 

N2 — CI — Hla 


109.4702 




rin fin in 

Co — Clz — H12b 




1 AA A TT) 

1 09.4722 


\TO /- - i T T 1 1 

N2 — CI — Hlb 


1 AA /C71 1 

109.47 11 




C8 — C12 — H12c 




1 AA A H 1 1 

109.4711 


TT1 f ' 1 TI11. 

Hla — CI — Hlb 


107.3846 




TTl r\ /"> | -"\ TT1 ai 

H12a — C12 — H12b 




1 aa /nn 

109.4712 


XT 1 /" ^ O /" • ^» 

N 1 — C2 — C3 


1 aa oo /a\ 

109.82 (9) 




TTl O /"I -1 ^ TTl ^ 

H12a — C12 — H12c 




1 AA ilTI 

109.471 


XT1 /" < O TTT„ 

N 1 — C2 — Hz a 


109.471 




TT101-. ni Hi T„ 

Hlzb — C12 — Hlzc 




1 A A /I HC\H 

109.4707 


XT1 /" < TT11 

Nl — C2 — H2b 


1 AA /I T"l £. 

109.4726 




N2 — C13 — C14 




1 i i "7 A / 1 A \ 

112.79 (10) 


C3 — C2 — H2a 


1 aa <ni i 

109.4711 




XT'"! /" "• 1 ~) TT 1 O 

N2 — C13 — HI 3a 




1 A A AH 1 H 

109.4717 


C3 — C2 — H2b 


1 AA O 

109.4718 




\T1 /"I -1 -) TTl I] 

N2 — C13 — HI 3b 




1 AA AH W \ 

109.4711 


TT'>„ TT1U 

Hza — Cz — Hzb 


1 AA 1 1 O 1 

109.1181 




C14 — C13 — H13a 




1 A A AH 1 ^ 

109.4713 


C2 — C3 — C4 


11A CO / 1 1 \ 

110.58 (11) 




C14 — C13 — H13b 




1 AA A H 1 1 

109.4711 


f ' f "• T T") 

C2 — C3 — H3a 


1 AA A H A A 

109.4709 




TTl O /"< 1 O TTl Tl 

HI 3a — C13 — HI 3b 




1 AC A") /I C 

105.9345 


C2 — C3 — H3b 


1 AA /inA/" 

109.4706 




f ' 1 •"> /~1 1 A f ' 1 C 

C13 — C14 — C15 




i ta 10 /1 1 \ 

120.18 (ll) 


C4 — C3 — H3a 


1 aa /inn 

109.4712 




C13 — C14 — C19 




111 A A / 1 1 \ 

121.00 (11) 


C4 — C3 — H3b 


1 AA AH "t C 

109.4715 




/"< 1 C / < 1 A /H i A 

C15 — C14 — C19 




1 1 O H A / 1 A\ 

118.79 (10) 


H3a — C3 — H3b 


1 AO 1 1 O O 

108.3382 




02 — C15 — C14 




121.16 (9) 


N2 — C4 — C3 


1 A A jCO / 1 A\ 

109.68 (10) 




02 — C 1 5 — C 1 6 




i in ro /11\ 

117.68 (11) 


XTO /~< /I TT/|„ 

JN 2 — C4 — H4a 


109.4709 




C14 — C15 — C16 




ni izr/ii\ 

121.16 (11) 


N2 — C4 — H4b 


1 AA A H A A 

109.4709 




C15 — C16 — C17 




110 10 /1 1\ 

118.13 (12) 


f • i-t J~i A T T A 

C3 — C4 — H4a 


1 AA /I *7 1 O 

109.4718 




C 1 5 — C 1 6 — C20 




i 1A 1 /I /11\ 

120.24 (11) 


C3 — C4 — H4b 


1 AA AH W \ 

109.4711 




f ' \ c poa 

C17 — C16 — C20 




121.63 (10) 


H4a — C4 — H4b 


1 AA O 

109.2658 




C16 — C17 — C18 




in c z: / 1 a\ 

121.56 (10) 


Nl — C5 — C6 


112.15 (9) 




z' ' \ /- /"i i ^ T T 1 "7 

C16 — C17 — H17 




1 1 A ""i 1 A/" 

119.2196 


XT 1 C TIC 

Nl — C5 — H5a 


1 AA A H 1 1 

109.4713 




z" 1 1 O /" " 1 ^7 tti n 

C18 — C17 — H17 




1 1 A TTl 1 

1 19.221 1 


XT1 f~^C Hf L 

Nl — C5 — H5b 


1 AA /I HC\Z 

109.4705 




C17 — C18 — C19 




11A TA /I ^\ 

119.30 (12) 


Co — C5 — H5a 


109.4715 




pn /^10 TTIO 

C17 — C18 — H18 




1 OA 1C1 1 

120.3511 


Co — C5 — H5b 


1 AA AH W C 

109.4715 




/"i 1 r, /" • -jo T T 1 O 

Cl9 — C18 — Hl8 




1 O A 1 A AA 

120.3499 


TTf S~"< C TTfi 

H5a — C5 — H5b 


106.6581 




C14 — C19 — C18 




1 OA AA /1 ON 

120.99 (12) 


C5 — Co — C7 


11A AC /11\ 

120.05 (11) 




p 1 /I P1A TT1A 

C14 — C19 — H19 




1 1 A f AC/T 

119.5056 


r ' r f ■> /_ /~i i i 

C5 — Co — Cll 


121.03 (11) 




riio P1A TT1A 

C18 — C19 — H19 




1 1 A C ATA 

119.5079 


v / ^O v I 1 


L lo.oj \ A 1 J 




v i o — uzu — nzwd 




1 HO 471 1 


01— C7— C6 


120.60(10) 




C16— C20— H20b 




109.4716 


01— C7— C8 


117.86(11) 




C16— C20— H20c 




109.4707 


C6— C7— C8 


121.54(11) 




H20a— C20— H20b 




109.4715 


C7— C8— C9 


117.77(12) 




H20a— C20— H20c 




109.4703 


C7— C8— C12 


120.50(12) 




H20b — C20 — H20c 




109.4722 


Hydrogen-bond geometry (A, °) 












Cgl is the centroid of the C6-C11 aromatic ring. 










D—R-A 




D — H 




D-A 


D—tt-A 


01— Hl-Nl 




0.910(18) 


1.818(19) 


2.6771 (14) 


156.3 (16) 


02— H2-N2 




0.898 (16) 


2.013 (18) 


2.8123 (12) 


147.6(17) 


C17— H17-C^2' 




0.96 


2.73 


3.5577 (14) 


144 



Symmetry code: (i) -x+l/2, y-l/2, -z+3/2. 
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